Fundamental and Clinical Studies on Imaging of
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Abbreviations: Ap LV, apical left ventricle; Ba LV, basal left ventricle; En LV,
endocardial left ventricle: Ep LV, epicardial left ventricle; HCM, hypertrophic
cardiomyopathy ; MIBG, metaiodobenzylguanidine ; ROI, region of interest; RV, right
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Table 1. Regional distribution and comparison of *I-MIBG concentra-
tions in the hearts of control rats

Time after injection

15 min lhr 3hr 6hr

whole heart * 0.82+0.08 0.76+0.17 0.5210.09 0.32+0.07
RV * 0.87+0.11 0.85+0.23 0.63+0.07 0.45+£0.09*
whole LV * 0.84:£0.07 0.80+0.18 0.53+0.11 0.30%0.06
EpLV* 0.86+0.07 0.84+0.19 0.58+0.15 0.32+0.07
EnLV* 0.81+0.08*  0.74+0.15 0.46+0.09 0.25+0.05%
BalLV* 0.87£0.08 0.81+0.18 0.59+0.19 0.31£0.06
ApLv* 0.8210.08 0.79+0.16 0.47x0.05 0.28+0.07
RV/whole LV 1.03+0.07 1.06+0.05 1.22£0.14 1.51£0.07
En LV/Ep LV 0.95£0.01 0.89+0.03 0.80+0.04 0.79£0.01
Ap LV/Ba LV 0.951+0.04 0.97+0.03 0.84+0.22 0.90%0.06

N=3 for each time after injection.

* values are expressed as (tissue count X body weight (kg) X 100)/(inject-
ed count X tissue weight (g)) (% kg dose/g) (mean+S.D.).

+ p<0.05 compared with whole LV.

# p<0.05 compared with Ep LV.

Table 2. Regional distribution and comparison of *I-MIBG concentra-
tions in the hearts of reserpinized rats

Time after injection

15 min lhr 3hr 6hr

whole heart * 0.75+0.06 0.67+0.19 0.36x+0.12 0.11+0.02+
RV * 0.77+0.04 0.76£0.20 0.44+0.14 0.14+0.04*
whole LV * 0.76+0.09 0.71£0.19 0.36+0.13 0.11+£0.03*
Ep LV * 0.751+0.08 0.72+0.19 0.37+0.13 0.12+0.03*
EnLvV* 0.77+0.10 0.69+0.19 0.34+0.13 0.10+0.02+
BaLv* 0.79+0.06 0.71£0.20 0.36+0.13 0.11+0.03+
Ap LV * 0.71£0.15 0.70£0.18 0.36+£0.13 0.11£0.03*
RV/whole LV 1.02+0.09 1.07£0.05 1.241+0.21 1.33£0.01+
En LV/Ep LV 1.02+0.05* 0.96£0.03* 0.91+0.04+ 0.85+0.02*

Ap LV/Ba LV 0.90+0.17 0.99+0.03 1.01£0.03 0.96+0.05

N=3 for each time after injection.

* values are expressed as (tissue count X body weight (kg) X 100)/(injected
count X tissue weight (g)) (% kg dose/g) (mean+S.D.).

+ p<0.05 compared with control rats.
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Fig.1. Dual isotope autoradiograms of the heart of the control rat at 15minutes

after injection of the radionuclides. Density distribution was homogeneous in
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the ventricle with T1 (on the left) and with =L MIBG (on the right).
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Fig.2. Dual isotope autoradiograms of the heart of the control rat at 3 hours
after injection of the radionuclides. Density distribution was homogeneous in
the left ventricle with ®*T1 (on the left), while it was decreased in the
endocardial side of the left ventricle with I-MIBG (on the right).

Fig.3. Autoradiograms of the hearts of the control and reserpinized rats at 3
hours after injection of *I-MIBG. Density distribution was decreased in the
endocardial side of the left ventricle in the control rat (on the left), while
density distribution was decreased and relatively homogeneous in the whole
myocardium of the reserpinized rat (on the right).
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Fig. 4. Dual isotope autoradiograms of the heart of the rat which underwent
epicardial phenol application at 3 hours after injection of the radionuclides.
Density distribution was homogeneous in the left ventricle with ®'T1 (on the
left), while density distribution was decreased in the phenol applicated site
{expressed as PHE in the figure) of the left ventricle with ®I-MIBG, indicating

denervated myocardium (on the right).
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En LV/Ep LV(density) ratio

15min the 3hr
Time after injection

Fig.5. Time course of En LV/Ep LV ratio of
density in the dual isotope autoradiograms
with ®T1 (O) and I-MIBG (@) in the normal
rats. The data were expressed as the mean
values and S.D. of duplicated samples from 2
rats at each time point. + -+ Statistically
significant difference between *'T1 and .
MIBG groups (p<0.001).

+4

RV/LV Ep(density) ratio

15ain 1 3n
Time after Injection

Fig. 6. Time course of RV/Ep LV ratio of
density in the dual isotope autoradiograms
with ®T1 (O) and *1-MIBG (®) in the normal
rats. The data were expressed as the mean
values and S.D. of duplicated samples from 2
rats at each time point. =+ +Statistically
significant difference between *T1 and I
MIBG groups (p<0.05).
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Table 3. The number of cases that
showed decreased '*I-MIBG uptake in
visual evaluation of the SPECT images

Time after injection

20 min 3 hr

Number of cases 10 (48 %) 17 (81 %)

N=21
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Fig. 7. Correlation between septal thickness
determined by echocardiography and "“I-
MIBG/*™ T1 uptake ratio measured by SPE-
CT. "-MIBG uptake was calculated at 20
minutes (@) and 3 hours (O) after injection.
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Fig.8 Correlation between septal thickness
determined by echocardiography and "I-MIBG
clearance measured by early (20 minutes after
injection) and delayed (3 hours after injection)

SPECT.

Table 4. The sites of decreased *I-MIBG uptake
in visual evaluation of the SPECT images

Sites of decreased *I-MIBG uptake

Septum  Anterior Lateral Inferior
20 min * 6(29%) 2(10%) 0( 0%) 5 (24%)
3hr* 7(33%) 4(19%) 6(29%) 10 (48%)

N=21 for each site in the left ventricle.
* time after injection of **I-MIBG.
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A

Fig.9. SPECT images of the patient with hypertrophic cardiomyopathy having
septal thickness of 13mm and septum to posterior wall thickness ratio of 1.2.
No significant abnormalities were observed both in the *Tl, early (20 minutes
after injection) ¥I-MIBG and delayed (3 hours after injection) *I-MIBG SPECT.
The "“[.MIBG/®'T] uptake ratio was 0.82 at 20 minutes after injection and 0.94
at 3 hours after injection. The ®[-MIBG clearance was -4% hour. The small
figure in the right lower corner of each image indicates slice number of

SPECT.
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Fig.10. SPECT images of the patient with hypertrophic cardiomyopathy having

septal thickness of 22mm and septum to posterior wall thickness ratio of 1.7.
Hypertrophy from distal anterior to apical wall was observed in the ®Tl
SPECT. Activity was decreased in most of the segments of the left ventricular
wall except for lateral wall in the early (20 minutes after injection) I-MIBG
SPECT. In the delayed (3 hours after injection) I-MIBG SPECT, almost no
activity was observed in any segment of the left ventricle, indicating rapid
clearance from myocardium. The ®[-MIBG/*'T1 uptake ratio was 0.41 at 20
minutes after injection and 0.23 at 3 hours after injection. The ®[-MIBG
clearance was 20%/hour. The small figure in the right lower corner of each
image indicates slice number of SPECT.
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Fundamental and Clinical Studies on Imaging of Adrenergic Nervous System of the Heart,
Using Radioiodinated Metaiodobenzylguanidine Ichiro Matsunari, Department of Nuclear
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Abstract

Radioiodonated metaiodobenzylguanidine (MIBG), an aromatic analog of the neuron blocker,
guanethidine, was expected to be useful for the clinical imaging of catecholamine tumors and adren-
ergically innervated organs such as the heart. The kinetics of the heart, however, are obscure. The
purpose of this study was to investigate the myocardial distribution of MIBG in normal and reser-
pinized rats and to evaluate myocardial adrenergic innervation and function in patients with hyper-
trophic cardiomyopathy (HCM). The distribution of MIBG in the normal rat heart was higher in the
right ventricle, basal segment and epicardial segment, which is mostly compatible with previous
reports on the distribution and uptake of norepinephrine in the heart. The increased uptake of MIBG
in the epicardial segment was a new finding, which seemed to indicate the difference of innervation
between the epicardial and endocardial segments of the left ventricle in the rat heart. The uptake of
MIBG was decreased in the reserpinized rats by 64% compared with that of the control, indicating
there was MIBG uptake into intra-vesicular sites. Dual isotope autoradiogram also showed a
decreased uptake of MIBG into the endocardium (p<0.05). The dual isotope autoradiogram revealed
a significant decrease of MIBG uptake and a homogeneous distribution of ®'TI in the denervated
myocardium, induced by phenol application (p<0.05). Single photon emission computerized tomog-
raphy (SPECT) with *I-MIBG and ®'TI was performed in 29 patients with HCM. In the visual eval-
uation of the SPECT images, the 'ZI-MIBG uptake was substantially lower than the *'TI uptake in the
hypertrophied septum in the early (20 minutes after infection) image in 48% of the HCM patients,
suggesting less extraneuronal uptake in the human heart than in the rat heart. The septal *I-
MIBG/®TI uptake ratio at 20 minutes and 3 hours after injection inversely related with the septal
thickness (R=—-0.49, p<0.05, and R=—0.53, p<0.05). Significant positive correlation was observed
between the septal MIBG clearance and the septal thickness (R=0.51, p<0.05). The MIBG clearance
and uptake in conjunction with the **T1 study seemed to reflect the severity of hypertrophy in HCM.
In conclusion, the results of this study demonstrate the importance of MIBG for the evaluation of
adrenergic innervation and activity in heart diseases such as HCM.




